I nfl uenza is a major cause of illness and death in patients with hematologic malignancy and in hematopoietic cell transplant (HCT) recipients. In up to 30% of HCT recipients, illness progressed to lower respiratory tract infection (LRTI); death rates were 28% for patients in whom pneumonia developed (1) . During spring 2009, infection caused by pandemic (H1N1) 2009 virus emerged in Mexico and spread rapidly throughout the world (2) (3) (4) . Although it does not appear to be associated with higher death rates than seasonal infl uenza (5), pandemic (H1N1) 2009 virus has caused severe disease and death, particularly in persons with preexisting illnesses (6, 7) . Little is known about the clinical features and outcomes of pandemic (H1N1) 2009 infection in patients with hematologic malignancy. One recently published study suggested that pandemic (H1N1) 2009 causes mild disease in most patients with hematologic malignancy (8) , but several reports have been published about patients with severe infection and respiratory failure (9) (10) (11) . Risk factors for progression to LRTI are unknown. To characterize the clinical spectra and outcomes of pandemic (H1N1) 2009 disease in patients with hematologic malignancy, we reviewed the fi rst 27 cases of pandemic (H1N1) 2009 among these patients in the University of California San Francisco Medical Center during June 1-December 31, 2009.
Methods

Patients and Setting
The University of California San Francisco (UCSF) Medical Center (San Francisco, CA, USA) is a large, academic medical center with an active HCT program for children and adults and extensive experience treating children and adults with hematologic malignancy. In 2009, HCTs were performed for 171 adults and 50 children; a total of 1,020 adults and 782 children were admitted to the hospital's hematology/HCT service.
At UCSF, all nasal swabs performed to diagnose respiratory viral infection in inpatients and outpatients are routinely submitted for testing to the UCSF Virology Laboratory. For infection control surveillance during the pandemic (H1N1) 2009 outbreak, the UCSF Virology Laboratory generated a list of all laboratory-confi rmed cases of infl uenza A during June-December 2009. HCT recipients and other patients with hematologic malignancy were identifi ed through a retrospective chart review of all laboratoryconfi rmed cases of infl uenza A during this period. We used a standardized form to capture demographic data, clinical signs and symptoms, underlying hematologic disease and other medical conditions, transplant history, immunosuppressive medications, selected laboratory tests, radiographic fi ndings, treatment course, and clinical outcomes. Dosing and duration of antiviral treatment with oseltamivir or zanamivir, use of concomitant antimicrobial therapy, and intravenous immunoglobulin was determined by the treating providers. The study protocol was approved by the UCSF Committee on Human Research.
Laboratory Confi rmation of Infection
All diagnostic testing, including repeat serial testing, was performed at the discretion of the treating provider. The standard clinical practice for detecting respiratory viral infection, including infl uenza, was to obtain a nasopharyngeal wash, aspirate, or fl ocked swab for viral direct fl uorescent antibody (DFA) testing (D (12) . Patients were considered to have probable pandemic (H1N1) 2009 if laboratory-confi rmed infl uenza A was detected during June-December 2009 and additional specimens were not available for confi rmatory testing. CDC performed pyrosequencing to detect the H275Y mutation in the N1 neuraminidase gene associated with oseltamivir resistance.
Defi nitions
Upper respiratory tract infection (URTI) was defi ned as pandemic (H1N1) 2009 virus in nasopharyngeal specimen and compatible clinical symptoms without new pulmonary infi ltrates on chest radiograph. Lower respiratory tract infection (LRTI) was defi ned as pandemic (H1N1) 2009 virus in a nasopharyngeal, endotracheal tube, or bronchoalveolar lavage specimen and compatible clinical symptoms with a new pulmonary infi ltrate on chest radiograph or computed tomography (CT) imaging.
Statistical Analysis
We compared patient median age, absolute lymphocyte count, and duration of antiviral therapy by using the Wilcoxin rank-sum test. For categorical variables, we calculated the proportions of patients in each category. Clini-cal characteristics, therapy, and outcomes were compared between subgroups of patients by using the Fisher exact test. We identifi ed independent predictors of LRTI using logistic regression. Predictors signifi cant at p<0.10 in both the univariate and multivariate analyses were retained in the fi nal multivariate models. We conducted analyses using Stata software version 9.0 (StataCorp, College Station, TX, USA).
Results
During June 1-December 31, 2009, a total of 159 probable or laboratory-confi rmed cases of pandemic (H1N1) 2009 infection were identifi ed at our institution. Eighteen (11%) were HCT recipients and 9 (6%) had a hematologic malignancy and were included in the study. The number of identifi ed cases peaked early in the pandemic in June, although ≈40% of the hematologic malignancy patients sought care for infl uenza in November (Figure 1 ).
Median age of patients was 43 years, and patients with URTI were younger than those with LRTI (33 vs. 53 years; p = 0.04) ( Table 1) . Two patients were children; both had URTI. Two thirds of cases occurred in male patients. Among HCT recipients, the median time of symptom onset after transplant was 12 months (range 0.3-45 months). A total of 10 (37%) patients had LRTI; compared with patients with URTI, these patients were older, signifi cantly more likely to have diabetes mellitus or underlying lung disease, and more likely to be receiving corticosteroids. After controlling for sex, transplant status, presence of chronic lung disease, and corticosteroid use, we found that older age was independently associated with development of LRTI (odds ratio [OR] 1.15; 95% confi dence interval [CI] 1.02-1.30; p = 0.0001).
Cough (85%) and fever (70%) were the most common signs; 5 (19%) patients had nausea, vomiting, or diarrhea ( , of whom 4 required mechanical ventilation because of respiratory failure. Pulmonary infi ltrates observed on CT scan of the LRTI patients ranged from focal consolidations (7/10) to ground glass opacities (6/10), centrilobular nodules (2/10), and tree-in-bud opacities (2/10). Infl uenza A was diagnosed for 21 (78%) patients by DFA. DFA results were negative for 6 (22%) patients, but infl uenza A was subsequently diagnosed among them by PCR. Isolates for all patients were confi rmed as pandemic (H1N1) 2009 virus by PCR, except for 2 for whom additional specimens were not available for confi rmatory testing. These were considered probable cases of pandemic (H1N1) 2009 because no cases of seasonal H1 or H3 infl uenza were laboratory confi rmed during this time.
Twenty-one (78%) patients received antiviral therapy, and 20 (95%) received standard-dose or high-dose oseltamivir. Two patients, both with LRTI, received inhaled zanamivir; intravenous zanamivir was later used for 1 of these patients who required mechanical ventilation and had oseltamivir-resistant virus (patient 3 in Figure 2 ; Table 3 ). Four (19%) patients received antiviral therapy within 48 hours after symptom onset; treatment started >96 hours after symptom onset for more than half the patients. Median duration of antiviral therapy was 5 days (range 5-14 days) and 15 days (range 5-49 days) for patients with URTI and LRTI, respectively. No concomitant bacterial infections were identifi ed; however, 20 (74%) patients were empirically prescribed broad-spectrum antibacterial therapy. Invasive pulmonary Aspergillus fumigatus was concurrently diagnosed in 1 patient. Six (35%) patients with URTI were not treated with antiviral therapy and recovered without sequelae. Five (19%) of 27 patients experienced severe complications related to pandemic (H1N1) 2009 infection that required admission to ICU, and 3 (11%) died (Table 3) . Of these patients with severe infection, 3 (patients 1, 2, and 4) acquired the infection during hospitalization. None had clinical evidence of a respiratory viral infection at admission. Retrospective chart review suggested that symptoms began at 13, 16, and 11 days after admission, respectively. For all 3 patients, new onset of fever (2 with neutropenia), mild cough, progressive dyspnea, and hypoxia developed; however, the latter did not become prominent in 2 patients until 4-6 days after initial onset of symptoms. Two patients had diarrhea. Two of the 3 had ground glass opacities with areas of focal consolidation on chest CT scan; the third had frank multilobar consolidation. For each patient, initial evaluation focused on workup for typical hospital-acquired bacterial and opportunistic infections; a respiratory viral infection was not considered until 4-7 days after symptom onset, which resulted in a delay in diagnostic testing and initiation of antiviral therapy of ≈1 week. For 2 patients (2 and 4), DFA results were negative, and diagnosis was ultimately made by PCR; the result was returned postmortem for patient 4. Pandemic (H1N1) 2009 infection resulted in the deaths of 2 of these 3 patients; the third (patient 1) had substantially delayed engraftment requiring an infusion of back-up autologous stem cells; myocarditis with cardiogenic shock developed, but the patient eventually recovered. None of these cases were clustered, and the source of infection was not clearly identifi ed but was presumed to be an ill healthcare worker (HCW) or visitor.
The third fatal case occurred in a patient who had received an autologous stem cell transplant 1 year before illness that was complicated by carmustine pneumonitis requiring steroid therapy (patient 3; Figure 2 ). She was initially admitted with wild-type pandemic (H1N1) 2009 infection and concurrent pulmonary aspergillosis; she improved after completing 14 days of oseltamivir therapy and initiation of antifungal therapy. Ten days after hospital discharge, she was readmitted with recurrent dyspnea and had persistent viral shedding with what was later confi rmed as oseltamivir-resistant pandemic (H1N1) 2009 virus and a new pulmonary embolus. She received inhaled, and then intravenous, zanamivir and demonstrated evidence of viral clearance. However, in the context of her adult respiratory distress syndrome (ARDS), pulmonary embolus, progressive pulmonary aspergillosis, and carmustine pneumonitis, she ultimately died of respiratory failure.
Discussion
We describe a consecutive series of 27 hematologic malignancy patients with pandemic (H1N1) 2009 infection, including 3 nosocomial cases, during June-December 2009. The spectrum of illness severity ranged from mild to severe, and most patients in this and other series had signs and symptoms suggestive of an infl uenza-like illness (8) . Similar to reported signs of pandemic (H1N1) 2009 in immunocompetent hosts (13, 14) , cough and fever were the most common signs, and nausea, vomiting, and diarrhea occurred in a greater proportion than typically observed for seasonal infl uenza (13) (14) (15) . Although 17 (63%) patients had URTI, with 11 (65%) managed as outpatients, all 10 (37%) patients with LRTI required hospitalization. Risk factors for LRTI included chronic lung disease, diabetes mellitus, and more marked immunosuppression as measured by corticosteroid use and lymphopenia at diagnosis. Although previous observations suggest that older age protects against pandemic (H1N1) 2009 infection (7, 16, 17) , after infection is established in persons with hematologic malignancy, older age predicted an increased risk for disease involving the lower respiratory tract. These fi ndings may be due to the lack of preexisting antibodies, which could have conferred partial immunity, in patients with hematologic malignancy.
Half of the patients with LRTI required ICU admission, and all except 1 needed mechanical ventilation. In addition to ARDS, several pandemic (H1N1) 2009-related complications were observed. One patient developed spontaneous pneumomediastinum, thought to be secondary to viral bronchiolitis from pandemic (H1N1) 2009. Spontaneous pneumomediastinum has been reported as a complication of infl uenza, including pandemic (H1N1) 2009, in adults and children (18, 19) . In another patient, severe myocarditis associated with cardiogenic shock developed; the patient ultimately had partial recovery of his left ventricular ejection fraction with treatment and supportive care. Three of the 10 patients with LRTI died, similar to published death rates on seasonal infl uenza pneumonia in HCT recipients (1) .
Because decisions about antiviral therapy were made by different providers, the dose, duration, and timing of antiviral therapy relative to symptom onset varied substantially. Most patients with URTI appeared to respond to 5 days of therapy, but about one third recovered without antiviral therapy. Most patients with LRTI received high-dose oseltamivir during their treatment course, but whether this dosage is more effective than standard-dose oseltamivir is not possible to conclude. Because only 19% of patients began antiviral therapy within 48 hours after symptom onset, assessing the effect of early antiviral therapy was diffi cult. However, none of the 5 patients requiring ICU admission received antiviral therapy within 48 hours after symptom onset. Although the vaccination status of all patients is unknown, pandemic (H1N1) 2009 vaccine was not available during most of the study period.
Shedding of seasonal infl uenza virus by otherwise healthy adults is ≈5-7 days but can be >1 week for hospitalized patients (20) and an average of 11-12 days for HCT recipients (1, 21) . Initiation of therapy within the fi rst 4 days of illness appears to enhance viral clearance (20) . Two patients had laboratory evidence of viral shedding beyond 2 weeks; for both, antiviral therapy was started >5 days after symptom onset. Testing for the H275Y mutation showed that oseltamivir-resistant virus developed in 1 person after 14 days of therapy. This patient had persistent viral shedding after a week of therapy, and testing was not repeated before cessation of therapy; whether ongoing viral shedding may have selected for development of oseltamivir-resistant virus is unclear. Consistent with recommendations made by Casper et al. (22), we believe that hematologic malignancy patients with LRTI should be treated with high-dose oseltamivir for a minimum of 10 days. We recommend weekly (23, 24) . It was diffi cult to determine the relative contribution of oseltamivir-resistant pandemic (H1N1) 2009 to the overall clinical course and ultimate death of the case-patient in our report, given her ARDS and multiple concurrent pulmonary disease processes. Asymptomatic viral shedding has been described for infections with other respiratory viruses, such as parainfl uenza and respiratory syncytial virus (25, 26) , and the recovery of 1 patient with oseltamivir-resistant virus without zanamivir therapy is notable (23) . Further research is needed to determine the clinical signifi cance of persistent viral shedding, role of antiviral therapy in this situation, and risk factors for oseltamivir resistance in this patient population.
Nosocomial transmission of pandemic (H1N1) 2009 to 3 patients resulted in serious complications and prolonged hospitalization of 1 patient and deaths of 2 patients. Although these cases occurred independently, ascertaining the source of transmission (HCW vs. visitor) was diffi cult. For each patient, infl uenza was not initially suspected, resulting in delayed diagnostic testing and initiation of antiviral therapy. For 2 patients, diagnosis was further delayed by initial negative DFA results and positive PCR returning 5-10 days later. Performance characteristics of the DFA test for detecting pandemic (H1N1) 2009 have been shown to vary from a sensitivity of 47% and negative predictive value of 59% (27) to a sensitivity of 93% and negative predictive value of 96% (28) . In our case series, 22% of patients had negative DFA results and subsequent positive results for pandemic (H1N1) 2009 by PCR. Rapid, highly sensitive, and specifi c tests clearly are needed for detecting infl uenza, including pandemic (H1N1) 2009, in combination with rigorous infection control strategies. In response to these in-hospital transmissions, multiple measures were implemented on the hematology and blood and marrow transplant unit to prevent further transmission, including 1) visitor screening, with required symptom review, before allowing entry into patient rooms; 2) restriction to 2 visitors at any given time in patient room; 3) reinforcement of "stay at home when sick" policy among HCWs (we relied on an honor system and asked ill HCWs to call in sick rather than come in to be screened); 4) closure of common pantry area on the unit to patients and visitors; and 5) maintenance of droplet precautions for patients with pandemic (H1N1) 2009 infection throughout their hospitalization. Several hospitalwide measures were implemented: 1) exclusion of all visitors <16 years of age; 2) a policy of mandatory seasonal and pandemic (H1N1) 2009 vaccination for all HCWs or a requirement for those who declined to wear masks in patient-care areas; 3) reinforcement of "stay at home when sick" policy among HCWs; 4) intensive education about hand hygiene, use of appropriate precautions emphasizing early isolation of patients with infl uenza-like illness; and 5) proposed acquisition of in-house rapid PCR testing system for infl uenza.
Our fi ndings indicate that investing in the development of enhanced diagnostic methods for respiratory disease is critical to ensure timely and accurate diagnoses. In addition, further research is needed to defi ne the optimal dose, duration, and choice of antiviral therapy for managing infl uenza infections in immunocompromised patients. Finally, aggressive infection control measures are crucial for preventing transmission of pandemic (H1N1) 2009 and other respiratory viral diseases in patients with hematologic malignancy.
